Abstract-Product innovation strategies of emerging market companies are increasingly challenging conventional wisdom. Drawing on a qualitative case study of Mahindra Reva, the only electric vehicle producer in India, this paper explores how a bricolage strategy enabled a resource-constrained emerging market firm to deliver affordable, innovative, and high-tech products with minimal capital investments. The findings of this study illustrate how multiple forms of bricolage can be implemented and managed at organizational and interorganizational levels. They show how different bricolage activities relate to different stages of the new product development process, and further, highlight the complementarities between bricolage and engineering activities. This paper argues that bricolage, which is typically regarded as a behavioral trait or skill that allows entrepreneurs and innovators to operate in challenging environments, can also be a carefully planned and executed strategy conducive to innovation. Thus, it suggests that a cost-effective bricolage strategy can underpin emerging market companies' development of discontinuity-creating and market disrupting technology products.
I. INTRODUCTION

I
N EMERGING markets, 1 surprising and unexpected (at least from the perspective of extant management theory) practices often underpin the development of innovative products [1] , [2] . Research hints at two possible reasons. First, emerging market companies may not always possess the resources or capabilities required for the pursuit of technology innovations (see [3] , [4] ). Given the institutional voids and inefficient capital markets, companies are often unable to raise adequate financing for their innovative projects [5] , [6] . Second, even if emerging market companies had such resources, they might find it counterproductive to engage in high-budget research and development (R&D) processes as the resulting products may turn out to be too expensive for their customers. In recent years, several emerging market companies have entered the fray with potentially disruptive product innovations such as Tata Nano-the ultra-affordable car [7] -and ChotuKool-the portable refrigerator [8] . Such emerging market companies are paring down mature technologies to develop simpler and more affordable innovative products that serve the same practical purposes as those developed by multi-national enterprises (MNEs) from developed countries. Other companies such as Chinese computer makers Dawning [9] and Lenovo [10] are incorporating top technologies in low(er)-cost products. All these firms intend to tap into the growing consumption in developing countries, which is predicted to create a market of US$ 30 trillion by 2025 [11] .
Firms in emerging markets typically face three types of constraints: lack of material resources, lack of affluent customers, and lack of time [12] . The scholarly research is only beginning to explore and explain how despite a slew of such debilitating constraints, emerging market firms are able to develop innovative products at relatively low costs. To date, very few studies have opened the "black box" of emerging market innovations and explored in detail the organizational and interorganizational processes underpinning the development of frugal and low-cost innovations. Thus, our main research question can be articulated as follows: How do emerging market firms manage to overcome serious contextual constraints and develop innovative, cost-effective, and potentially disruptive products? In order to address this question, we draw on the bricolage literature [13] , [14] . The notion of bricolage has its roots in anthropology and is particularly relevant to emerging markets because it draws attention to firms' capabilities to make do with the resources at hand and recombine them to handle novel problems in difficult contexts. In particular, it provides rich insights into the processes underpinning the achievement of what has been termed by practitioners and scholars as jugaad solutions [15] and frugal engineering outcomes [16] in emerging markets.
This paper builds on a qualitative case study of Mahindra Reva, India's sole electric vehicle (EV) manufacturer and explains the complexity and sophistication of the innovation process in emerging markets under an overarching bricolage framework. This study illustrates multi-level bricolage-based processes and demonstrates how a creative recombination of resources in tandem with component bricolage and collaborative bricolage helps to manage the technology innovation process in resource-constrained emerging markets. This paper makes four main contributions. First, it shows how cost-effective bricolage processes can be central to the development of potentially technological discontinuity-creating and market-disrupting products. Second, this paper shows how in addition to being a skill and an antecedent of innovation and entrepreneurship (see [1] , [13] ), bricolage, under certain conditions, can also be a deliberately orchestrated strategy. Third, this paper demonstrates how 0018-9391 © 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications standards/publications/rights/index.html for more information.
various types of bricolage activities relate to different stages of the new product development process in emerging markets. Finally, this paper provides insights into the complementarities between bricolage and engineering activities.
II. BRICOLAGE
Bricolage finds mention in a diverse range of settings. It has been used to explore and explain entrepreneurship and resource creation [13] , [17] , [18] , development and utilization of information technology artifacts [19] , and organizational resilience and improvisation [20] . The notion of bricolage is unusual and somewhat counter-intuitive in that it demonstrates how deviation from established practices can help foster cutting-edge technological innovation. Further, it illuminates how highly pragmatic strategies are enacted in practice (see [7] , [8] ). Bricolage goes back to the work of French anthropologist C. Levi-Strauss [14] , who invoked an imagery of two opposing figures-the engineer and the bricoleur. The engineer attempts to design an optimal solution for problems, while the bricoleur solves problems by relying exclusively on "whatever is at hand" [14, p. 17] . This "making do" with resources at hand reflects a fundamental attitudinal and behavioral trait-an inclination toward action and active tackling of challenges rather than extensive contemplation and evaluation of the situation at hand [13] , [14] . Thus, bricolage work is no longer viewed as a "shameful" activity that pales in comparison with heroic and expensive R&D processes [21] . Rather, it is now increasingly seen as a legitimate approach to technology innovation and product development [18] .
Baker and Nelson [13] expanded upon Levi-Strauss' ideas and emphasized two important features of bricolage. First, the person or organization engaging in bricolage creatively combines the resources at hand and uses them in new contexts or applications, departing substantively from their original or conventional usage. Bricolage involves assigning meaning and purpose to resources which others find useless or inadequate [13] . Therefore, bricolage is not only the creation of new from old but also the creation of "something from nothing" or of "more from less" [13, p. 357] . From this broader perspective, bricolage is the creative and strategic deployment of diverse, generic, nonspecialized resources in novel contexts.
The second crucial feature of bricolage relates to the bricoleur's refusal to be cognitively constrained by current practices and methodologies [13] . Weick [22, p. 149] argued that restrictions and constraints on behavior originate from the a priori acceptance of prevailing assumptions and prescriptions which results in a "failure to act," thus preventing actors from testing whether something can actually be achieved. An important characteristic of the bricoleur is the conscious disregard for extant practices and methodologies and the concomitant engagement in a process of experimentation, which continuously tests the limits of the environment [17] . Baker and Nelson [13] also found that the perpetuated reliance on bricolage allows firms to survive but stifles organizational growth. The reason is that, although bricolage can sometimes render "brilliant unforeseen results" [14, p. 17] , its outcomes are usually hybrid imperfect artefacts which serve the intended purposes but require significant improvement [19] . Tata Nano's reported failure to meet international safety standards is a case in point [23] . Notwithstanding such shortcomings, there is evidence to suggest that the selective use of bricolage at key stages followed by a return to prevalent practices and methodologies can lead to consistent firm growth [13] .
Bricolage activities are based on a "repertoire" of resources [14] , [24] . The repertoire "consists of material and immaterial resources that are collected independently of any particular project or utilization" [24, p. 137] . In the original depiction of bricolage, the bricoleur's repertoire was finite and closed [14] . However, in more recent studies of bricolage, the repertoire is seen as a dynamic construct-the bricoleur continues to acquire and use resources, cutting costs, and learning new things along the way (see [13] , [24] ). Despite its potentially large volume, the bricoleur has an intimate knowledge of the repertoire based on an exhaustive inventorying of all resources [14] , [24] . The bricolage literature encompasses individual activities (e.g., [24] ) as well as organizational (e.g., [25] ) and interorganizational processes (e.g., [18] ). When performed at organizational or interorganizational levels, bricolage becomes a collective process [24] . Collective bricolage "is more than the ex-post connection" of arrangements or solutions developed by individual bricoleurs [24, p. 143] . It is a lengthy and complex process which involves the disclosure of separate repertoires to the point where the bricoleurs become familiar with the shared repertoire "as if it was personally constituted by each of them" [24, p. 143] . For instance, Garud and Karnoe [18] used collective bricolage as an analogy for the distributed agency involved in the development of wind turbine technology in Denmark. They showed how a network of stakeholders comprising producers, users, regulators, and evaluators generated inputs which eventually contributed to the creation of a profitable technological path for the entire wind turbine industry. The network-based incremental approach to technology development allowed resourceconstrained Danish innovators to successfully outwit munificent US competitors who adopted a more expensive "technological breakthrough" seeking strategy.
A. Technological Innovation in Emerging Markets and Bricolage
In general, emerging market companies are perceived as "technological followers" that are catching up with competitors from developed countries in terms of manufacturing capabilities [26] . These emerging market companies typically pare down mature technologies to meet the cost requirements of emerging market customers. Two recent empirical studies of emerging market innovations provide good illustrations of this argument: Tata Motors' development of Nano, the world's cheapest car [7] , and Godrej & Boyce's development of a small portable cooling unit to meet the needs of customers in rural India [8] . Tata Motors used an adapted motorcycle starter motor and a two-cylinder engine, also specific to motorcycles, to cut the cost of its Nano car [7] . Similarly, Godrej & Boyce replaced the compressor, cooling tubes, and refrigerant of a conventional refrigerator with a fan resembling those which prevent computers from overheating and a chip that cools when electricity is applied [8] . These examples suggest that low-cost innovations achieved through the paring down of mature technologies often involve bricolage activities such as the creative recombination of nonspecialized parts and components.
Increasingly, bricolage processes (e.g., different forms of collective bricolage) also appear to be used by emerging market companies to develop cutting edge technological products. The case of relatively nascent industries such as regenerative medicine (see [27] ) and EVs (which is the focus of this paper) offer good illustrations. In a recent study, McMahon and Thorsteinsdottir [27] showed how emerging market innovators in the regenerative medicine industry developed systemic innovation capabilities and products through contributions from multiple entities such as firms, governmental bodies, universities and research centers, hospitals, cord blood banks, and in vitro fertilization clinics. It seems that at least some emerging market companies are poised to become "technological leaders" through innovative collaborations and recombination of resources, which chime with prior studies on bricolage (see [18] ). This reliance on networking and relationship-based strategies is obviously closely linked to institutional voids such as the lack of intermediary and support services, poorly enforced regulations, and poor infrastructure [5] . Although this body of the literature does not explicitly use the term, it hints at a conscious managerial deployment of bricolage-based approaches in the new technology development process. In the next sections of this paper, we develop these arguments further through an indepth qualitative case study of an Indian EV manufacturing company.
III. CASE BACKGROUND
The Maini Group established the Reva Electric Car Company (RECC) in July 2000 and launched its first car-Reva-in 2001. The Reva was a small two-door EV powered by a 48-V leadacid battery pack. It had a driving range of 80 km, a top-speed of 65 km/h, and carried a price-tag of US$ 5,000. In 2003, the Reva became the first EV to qualify for the European Union roadworthiness standard. In 2004, the Reva was launched in the U.K. under the brand name G-Wiz (or Green Wizard). The car proved popular in London where EV drivers were offered numerous benefits such as congestion tax exemption, free charging, and free parking. The first Reva models with lithium-ion batteries were launched in 2007. By the time its production was ceased in 2012, over 4600 Reva cars had been sold in more than 25 countries.
In 2010, the Indian multinational automaker Mahindra and Mahindra Ltd. (M&M) bought a controlling 55.2% stake in RECC. M&M currently produces a wide range of multiutility vehicles, SUVs, pick-up trucks, commercial vehicles, tractors and two-wheelers. The newly formed Mahindra Reva EV Company has largely remained an independent entity and continues to be led by Reva's founding family. In 2013, Mahindra Reva launched a new model, the Mahindra e2o. Slightly bigger than its predecessor, the e2o was powered by a 48-V lithium-ion battery pack had a driving range of 100 km and a top-speed of 81 km/hr. The car was priced at approximately US$ 12000 and offered a wide range of telematics applications. At the time of this study, the Mahindra e2o remained the most affordable EV in the world.
IV. RESEARCH METHODS
We adopted the qualitative case study method [28] to generate in-depth accounts and to develop rich insights into the organizational processes supporting technological innovation at Mahindra Reva. We chose to study Mahindra Reva given the novelty and atypical nature of the setting-it is one of the few emerging market companies producing EVs. Further, despite being a small (i.e., less than 400 employees) indigenous company, it has managed to produce competitive electric cars for over a decade. We (the two authors) collected empirical material (face-to-face interviews and field observations) for this study between June and September 2013 at Mahindra Reva's 2 headquarters and production facilities in Bangalore, India. We conducted semistructured interviews in English with 48 informants (see Table I above). On average, each interview lasted for about 50 min. In total, we collected close to 40 h of interview data. With two exceptions, all interviews were recorded with the consent of the informants. By conducting interviews with informants at various hierarchical levels, we were able to obtain a variety of views and triangulate the empirical material. We asked a number of open-ended questions about the company's history, challenges faced, strategies implemented, and the management of relationships with suppliers and partner organizations. The interviews were semistructured and informants were given the opportunity to raise issues, which they felt were central to the company's innovative technology development process. We also tried to embed ourselves in the setting and personally experience life in the organization. We were given office space on the company's premises, which allowed us to observe employees in action. Observing everyday activities helped us to better understand our informants' world-views and the jargon/EV-specific language they used during the interviews. During our fieldwork in June-September 2013, we were at the company's production facilities between 9 A.M.-5 P.M. on all working days. We used this opportunity to interact with and observe employees in a number of informal settings, (e.g., the company cafeteria). We travelled every day in the company's shuttle bus to and from the company's production facilities on the city's outskirts. This also gave us numerous opportunities to interact informally with a number of employees.
In order to complement the primary data, we also collected two categories of archival data. First, we collected documents and printed materials produced by Mahindra Reva including organization charts, internal publicity and newsletters, marketing handouts, and company magazines. This material allowed us to accurately position in time the accounts and events described by our informants. Second, we collected a number of articles and reviews about Mahindra Reva and its products, which had appeared in newspapers, business and trade magazines, and online blogs. They helped us to triangulate our informants' perspective of the innovation process and its outcomes with the views of other independent observers. On the whole, the interviews and documents analyzed for this study trace events and outcomes spanning about two decades.
A. Data analysis
Once senior managers at Mahindra Reva formally agreed to take part in our study, we began a preliminary process of analyzing the publicly available published material (e.g., articles in the business press) about the company. At the same time, we turned to the scholarly literature to identify a relevant theoretical scaffolding, which could inform our investigation and serve as a sensitizing analytical device. As Blumer [29, p. 7] has observed, a sensitizing concept "gives the user a general sense of reference and guidance in approaching empirical instances." EVs had long been viewed as a disruptive technology (see [30] ). In addition, there were several references on the Mahindra Reva website to the frugality of the company's product development process. Thus, while there was no a priori hypothesis, we started the fieldwork with the literature on "frugal engineering" and "disruptive innovation" serving as broad sensitizing devices.
At the end of our fieldwork, we had collected vast amounts of both primary and secondary data. We adopted a "selective" scheme [31] to identify central themes in our dataset. We identified several "first-order" themes, which we labeled as constraints, frugality, challenging status quo, improvisation, partnership, collaboration, adaptability, and resilience. At this stage, we realized that the notion of frugal engineering could not fully explain our data. Through an iterative process of comparison between the emergent findings and extant theory, we arrived at Baker and Nelson's [13] work on bricolage, which provided a good characterization of the technological innovation process described by our informants. The notion of bricolage allowed us to move the analysis to a higher level of abstraction. We revisited and compared the data extracts corresponding to the previously developed first-order themes with the core concepts of the bricolage literature. We were, thus, able to develop three larger second-order themes, which related closely to the various forms of bricolage employed by Mahindra Reva. Two of these themes-resource recombinations and collaborative bricolage-corresponded closely with Baker and Nelson's [13] arguments about recombination of resources for new purposes and Garud and Karnoe's [18] ideas about collective bricolage, respectively. The third theme-component bricolage-was not aligned with any extant categorizations in the scholarly literature. Finally, we verified if there were any significant data strands which did not fit into our second-order themes. We discovered that although bricolage accurately explained Mahindra Reva's strategy at a macro level, in reality the strategy was implemented through a mixture of bricolage and hard-core engineering practices. Consequently, we developed a fourth theme, which explained how bricolage related to engineering methods in the technological innovation process.
V. FINDINGS
We found that three bricolage processes crucially underpinned Mahindra Reva's technological innovation and product development strategies: recombination of resources for new purposes, component bricolage, and collaborative bricolage. We also discovered that Mahindra Reva creatively integrated bricolage and engineering methodologies. We explain these findings in greater detail below.
A. Recombination of Resources for New Purposes
This category of bricolage activities and processes refers to instances where available and easily accessible resources (e.g., some types of tools and raw materials) are deployed in new contexts or applications departing from their conventional usage [13] . A detailed listing of the creative use of resources at Mahindra Reva can be found in Table II below. According to our informants, two factors enabled them to recombine resources for new purposes. First, being a new entrant in the automotive industry and having no prior involvement in the production of conventional, internal combustion (IC) cars allowed the company to challenge shared assumptions in the industry about what could and could not be done. Second, as a small start-up company, they did not have the money to invest on established practices and resources.
" The founders felt their expertise with battery-operated handling equipment would provide a reasonable starting point for the EV venture. The Maini Group had developed useful knowledge about low-speed in-plant equipment which could be tweaked and potentially redeployed in the new context of onroad vehicles. Initially, the company used lead-acid batteries to power their EVs. The lead-acid batteries had been developed originally for the ignition of conventional IC engines. The original composition and size of such batteries was inadequate for EVs. Mahindra Reva's engineers adjusted the chemical composition of the batteries and put together big battery packs comprising over 20 individual batteries. Later, the company moved to lithium-ion batteries. These batteries had been developed originally for small portable electronic devices. In order for such non-specialized resources to meet the requirements of their newly assigned functionality, the company collaborated closely with their suppliers and experimented extensively (see Table II below). The company could not afford to invest in metal sheet stamping equipment for the cars' exterior body. According to our informants, such an investment would have been impossible to amortize considering the low volumes the company was expecting to sell initially. Further, the use of metal body parts would have required a painting shop which was not only very expensive but also highly polluting, thereby conflicting with the "environmentally conscious" values espoused by the company. Thus, they started exploring plastics as an alternative to metal sheets. In addition to requiring lower investments in manufacturing equipment, plastic body parts were recyclable, significantly lighter, and dent resistant. The development of an innovative product through unconventional processes and materials involves testing of numerous configurations of resources. As the cost of the typical testing equipment was beyond the company's resources, company engineers developed an in-house low-cost testing gear only using resources at hand such as basic EV parts and components.
" With a lion's share of its resources dedicated to R&D activities and another important chunk invested in the plant and assembly line, the company had little capital available for the development of components in non-critical areas such as mechanical parts, and interior and exterior design elements. In order to overcome these challenges, the company's engineers tried to use wherever possible common or standard components which could be manufactured using the suppliers' existing capabilities without additional investments in tools and equipment, or Mahindra Reva original parts in multiple projects to spread tooling costs and increase component volumes. Further, the company was faced with a very price-sensitive customer base. Any development and tooling costs associated with noncritical components could transfer to the selling price of the EV and negatively impact sales.
"We are trying to 'commonize' most of the parts to reduce the tooling investment and the time costs. The investment in tooling will get loaded on to the manufacturing cost of the component and eventually on to the selling price of the vehicle. We also try to use similar parts in two or more projects so that the development cost may get distributed and the cost burden on the consumer gets reduced." (Middle manager-New Product Development)
After M&M became a majority shareholder in the Mahindra Reva venture, the component bricolage process was significantly simplified. Since the parent company was producing a wide range of automobiles, Mahindra Reva engineers and designers were given the opportunity to "bricolate" with a number of previously IP restricted components originally used on M&M models. Moreover, M&M was involved in joint ventures with other global automakers which led to the introduction of international models in the Indian market under the Mahindra brand name. In one of the most successful such joint ventures, Renault's Dacia Logan was presented to Indian customers as Mahindra Logan and, later, as Mahindra Verito. Such joint ventures expanded the range of components available for bricolage, thus allowing the company to make significant savings. Corroborating information from multiple respondents, we identified five main enablers of component bricolage (see Table III below): 1) flexible design; 2) knowledge of existing components, which could serve envisioned purposes; 3) the ability to adjust or "tweak" the identified components if they did not match the required performance specifications; 4) the ability to incorporate components of various origins into a consistent and attractive design, thereby minimizing the risk of unacceptably imperfect outcomes; and 5) the modularity of the electric architecture which allowed the use of original components in multiple projects.
The notion of modular systems (i.e., independently designed subsystems which successfully function as a whole), popular in the computer industry [32] Broadly, the electric architecture of Mahindra Reva's EVs comprises of the "software" or the core of the company's Intelligent Energy Management System (IEMS) and the "hardware" components such as the battery pack, the motor, the controller, and the charger. The "hardware" is produced exclusively by independent suppliers. The IEMS "software," however, is one of the company's core capabilities and is designed to fit multiple "hardware" combinations. The development of IEMS has given the company over 40 patents in areas such as wireless battery management, efficient braking systems, remote diagnostics, and remote activation of energy. 
C. Collaborative Bricolage
Innovation is often a collective process, which mobilizes the efforts and inputs of multiple actors [18] .
Mahindra Reva developed a network of partner organizations which pooled in resources. The company's strong suit was its proprietary knowledge and R&D capability, but it lacked the resources to make significant investments in production equipment. Therefore, senior managers made the strategic decision to outsource the manufacturing of all car components to suppliers. Unlike typical outsourcing arrangements where only non-core activities are outsourced to specialized suppliers, this was an attempt to create core value in collaboration with non-specialized suppliers. In the late 1990s, only a few developed-country car makers were experimenting with EV technology and suppliers had limited or no prior experience producing components for EVs. The company collaborated with suppliers of IC vehicle components as well as with companies in seemingly tangential industries such as electronics, aerospace and defense. Generally, Mahindra Reva provided expertise and knowledge in EV technologies, while the suppliers contributed with their knowledge and production capabilities (see Table IV below). In this sense, the company developed common or shared "repertoires" of resources with each of its partners (see [24] ). Drawing on such shared repertoires, they carried out extensive collaborative experimentation to develop components for their EVs.
Senior managers envisioned the company as a technology and knowledge hub guiding the collaborative component development. The company retained only the assembly line and relied on external vendors for the production of all car components. Although this strategic choice helped Mahindra Reva to reduce the investment and development costs, implementation was challenging. Mahindra Reva was a small company with limited sales volumes, which reduced its bargaining power with suppliers catering to the company's atypical requirements. Although the corporate parent-M&M-allowed Mahindra Reva to tap into its extensive supplier base, the low volumes required by the company remained a significant problem in the relationship with suppliers. Senior managers explained that they chose Indian suppliers wherever possible as costs of established international suppliers could have significantly increased the overall cost of the car. Being dependent largely on the domestic supplier base, they patiently nurtured their suppliers' knowledge base and capabilities. Some suppliers (e.g., the manufacturer of exterior body panels) derived significant benefits from the knowledge developed in collaboration with Mahindra Reva. Our informants observed that this supplier grew at a faster rate than Mahindra Reva itself. Initially, the company had been the supplier's first and only client. Over time, however, the co-developed technology allowed the supplier to find other clients and significantly increase sales. At the time of the study, Mahindra Reva accounted for less than 30% of the production of this supplier. Thus, collaborative bricolage can be viewed as an intensely cooperative form of collective bricolage (see [18] , [24] ), wherein each bricoleur firm disclose and share resources with their partner(s) and actively contribute to the emergence of a desired outcome. In this sense, collaborative bricolage at Mahindra Reva involved several bidirectional and multi-directional knowledge sharing processes.
"We generally do not drop suppliers, even if at some point they do not perform up to the standard. EVs are completely new to the Indian automotive industry and we are aware that suppliers are
"In the design phase of the e2o model, there was a process of continuous improvement. Some of the improvements were dependent on the parts provided by our suppliers. This involved a co-learning process, correlating our knowledge base with that of the suppliers." (Senior Manager-Sourcing and Supply Chain) "We tend to stick with the suppliers with whom we have a good collaboration because we are very familiar with their capabilities and we understand how they could support us either in the design process or by sharing some of the initial investment." (Middle Manager-New Product Development)
Garud and Karnoe [18] argued that geographical proximity plays a critical role in collective bricolage ventures as actors with vested interests can contribute with inputs and share resources more easily in a closely-knit network. In a similar vein, our informants described successful collaborations with Bangalorebased suppliers in which close interactions played a central role. Many informants used phrases such as "we worked closely together" or "they sat down with us" to describe the interactions with collaborating organizations. In other words, tacit knowledge sharing was an important component of Mahindra Reva's collaborative bricolage activities.
"The charger is supplied by an Indian partner. They make this charger only for us. Initially, we tried to work with well-established foreign companies. The tooling costs were a lot higher and there were problems with logistics and delivery times. They were also asking for a 10 000-unit volume commitment. In order to manage with the limited resources and to meet the challenge of keeping the cars' selling price low, the company departed from conventional practices in the automotive sector and used bricolage processes to develop components. Such components needed adaptations, improvements, and tests to be turned into products that could successfully address the needs of a multitude of consumers. Thus, our informants explained that the process of legitimizing bricolage in the eyes of customers and competitors required the rigor of engineering methodologies well established in the automotive industry. For instance, in order to ensure consistency and formalize the collaborative bricolage activities with their suppliers, the company adopted conventional practices popularized by Japanese automakers in the 1980s. These included involving suppliers in the early stages of designing new products (see [7] , [33] ) to reduce costs and design times, and providing only the envisioned functionality of the components rather than specifying their design, and transferring the responsibility of the entire design to suppliers [7] , [33] .
" Similar to Japanese companies, which also relied on suppliers located in their vicinity [7] , our informants explained that geography is central to their supplier selection strategy.
" Cost engineering is another example of an established practice implemented by the company. Cost engineering refers to a systematic approach aiming to efficiently balance costs, quality, and time requirements [34] . According to our informants, cost engineering is a practice religiously followed at Mahindra Reva as the company's goal is to develop EVs, which would compete, price-wise, with conventional cars.
"We design-to-cost. The cost is driving our designs. We cannot design a part and only later on worry about the costs. We would end-up investing lots of money and the car would end-up costing as much as the EVs our competitors are offering. Our EV has to be the most affordable in the world. We think of the cost implications of every line we draw in the design of a component. [ . . . ] We always think of ways and means to develop a product with minimum investment, time, and part costs. This is the basis of design at Mahindra Reva." (Senior Manager-R&D) VI. DISCUSSION
The analysis above highlights three crucial types of bricolage activities (the recombination of resources for new purposes, component bricolage, and collaborative bricolage). According to our informants' estimates, Mahindra Reva has spent only about 1% of the amount invested by competing carmakers such as GM and BMW for the development of their EV models. The company's bricolage-based strategy delivered outcomes at two distinct levels, which we have termed as operational and strategic (see Fig. 1 below) . The creative recombination of resources allowed the company to significantly reduce the costs involved in the testing and production processes. For instance, by developing testing equipment in-house from basic EV components such as motors and chargers, the fixed costs (e.g., for testing rigs) incurred by most other companies in the automotive sector were avoided. Through component bricolage (i.e., by using offthe-shelf components and parts, which suppliers could produce using equipment and tools already in place), the company saved on initial tooling costs and at the same time ensured that they did not have to deal with suppliers' demands for big volume commitments. The outsourcing partnerships-led collaborative bricolage helped the company to conduct its product development without any capital investments in production equipment.
The bricolage approach also helped the company to achieve what could be termed as important strategic outcomes (see Fig. 1 below) . The reduced costs achieved through creative use of resources and the small tooling investments resulting from component bricolage drove down the selling price of the company's EVs. Similarly, with collaborative bricolage approaches, the company's fixed costs (e.g., R&D facilities and assembly plant) not only became very small relative to industry standards but were also amenable to amortization over multiple projects. Thus, with fewer and smaller capital investments, the company was also able to achieve low break-even points. Overall, these outcomes suggest that bricolage was a deliberately orchestrated strategy, which helped the company to mitigate the risks of developing new technologies in an emerging market setting.
A. Contributions to Innovation Research
This paper suggests that the notion of bricolage offers a structured and deeper explanation of how resource-constrained and frugal emerging market innovations come about. The complex contexts within which technological innovations in emerging markets take place demand nuanced theorizing, which can account for both endogenous and exogenous categories of challenges. The multilayer bricolage framework presented here is one such theorizing attempt. The bricolage strategy employed helped Mahindra Reva to overcome endogenous constraints (e.g., lack of resources) as well as addressed some key exogenous challenges (e.g., customers' price expectations). In this sense, frugal innovations can be viewed as an outcome of carefully designed and orchestrated bricolage strategies.
The findings from the case also show how a bricolage strategy can be central to the development of a discontinuous innovation. EVs are currently causing technological discontinuities as the technology is relatively new for customers, firms, and indeed for the entire automobile industry. The extant capabilities of established automotive companies may not be enough to develop EVs. New knowledge bases need to be developed, numerous technical solutions need to be scoured, tested and improved, new production lines and infrastructures (e.g. charging facilities) must be set in place for EVs to become commercially viable products. Many EV makers have difficulties identifying appropriate market segments for their products. IC vehicles are a ubiquitously accepted technology and it is very difficult for EV producers to identify "target markets." At the same time, in order to take full advantage of the benefits offered by EV technology users of conventional automobiles will have to change their behaviors and commuting habits. Bringing to market discontinuous innovations such as an EV could take a long time and can be a highly expensive and risky process [35] . This paper shows how in such scenarios, a bricolage strategy featuring practices significantly different from those used for continuous or incremental innovations (see [35] ) can underpin the development of products which have the potential of generating technological discontinuities and market disruptions.
Drawing on multiple case studies, Lynn et al. [35] documented an investment-intensive iterative "probing and learning" as a strategy conducive to the successful commercialization of discontinuous innovations. In Mahindra Reva's case, probing and learning helped the company transition from the first Reva EVs, which were very small (the rear seats allowed sufficient space only for one or two small children) to develop the recent e2o model which is significantly more spacious and powerful than the Reva. The company learnt from selling the earlier Reva model that many Indian consumers regarded cars as symbols of social status and, therefore, considered diminutive and underpowered models such as Reva to be unappealing. This knowledge helped the company to develop the e2o model. Interestingly, our informants observed that they conducted their probing and learning using only a very small fraction of the resources invested in similar projects by competitors such as GM, Tesla, and BMW. This would suggest that a bricolage strategy can make the process of developing discontinuous innovations significantly less costly, thus reducing the risks associated with developing products for which a clear market has not yet been identified as well as allowing for an increased number of probing-and-learning iterations. Such iterations can turn out to be crucial for the successful commercialization of discontinuous innovations not only because they help companies improve their product, but also because each step helps potential customers become familiar with technologies, which they might otherwise greet with skepticism. This paper also shows how bricolage strategies may address (at least to some extent) the "sales" challenge posed by disruptive technologies [30] . "EVs have the smell of a disruptive technology" [30, p. 189] in addition to being a discontinuous innovation. While IC cars are far superior to EVs in terms of performance along mainstream attributes such as top speed and driving range with one charge, it is becoming increasingly evident that current performance levels of IC cars far exceed their practical applicability (see [36] , [37] ). Their advertised top speeds far exceed the permissible legal speed limits in most countries [37] . Moreover, studies have also shown that on average, two-leg car journeys taken for many private or business activities do not exceed 50 mi [36] , thereby making 300-mi driving ranges on a single fuelling irrelevant for a significant number of practical commuting patterns. Such performance "overshooting" or "oversupply" [30] suggests that the global automobile market may be ripe for disruption by innovative technologies [30] , [37] . Yet, the adoption rate of EV technology is still not very high. The reticence of mainstream users regarding EVs is most likely caused by the price of EVs which significantly exceeds that of similarly sized IC cars. EV-related market research indicates that less than 5% of customers are willing to pay the price premium currently demanded by EVs relative to conventional cars [36] . As Adner [38, p. 686] suggests, "while disruption is enabled by sufficient performance, it is enacted by price." As our analysis shows, by keeping the product development costs low, bricolage strategies can help companies to significantly reduce selling prices and improve sales.
In addition, the findings from our case reinforces and adds to prior research (e.g., [39] , [40] ), which has suggested that emerging markets are an apt setting for the introduction of disruptive innovations. Base-of-the-pyramid (BOP) and middleof-the-pyramid (MOP) consumers from emerging markets may have lower performance requirements from disruptive innovations than high-income developed-country consumers. Indeed, prior studies [39] , [40] have documented several such innovations developed through the paring down of mature technologies such as IC cars, microwave ovens, refrigerators and mobile telecommunication services, and aimed at BOP-MOP consumers. Examples of companies introducing more radical innovations to emerging markets are, however, sparse. This case study shows how a small resource-constrained emerging market company can develop and offer consumers a nascent and potentially disruptive technology product.
B. Contributions to the Bricolage Literature
This paper contributes to the bricolage literature in several ways. First, while prior research has described bricolage as an antecedent or skill (e.g., [1] , [12] ) or entrepreneurial behavior (e.g., [13] ), our study demonstrates how bricolage can also be a carefully planned and executed strategy, especially in contexts that require companies to improvise heavily. Through its business model, Mahindra Reva carefully planned and executed its technological innovation. Thus, while bricolage implies a preference and inclination for active problem solving, it can also incorporate very extensive planning and strategizing.
The scholarly literature suggests that multiple organizations involved in collaborative bricolage build shared repertoires and that tacit knowledge is an important component for such communal repertoires of resources [24] . However, as far as we can tell, this body of research has illustrated collaborative bricolage mostly using secondary data (e.g., [18] ) and discussions around the development of shared repertoires has been largely theoretical (e.g., [24] ). Our empirical material corroborates Duymedjian and Ruling's [24] suppositions by showing that collaborating bricoleurs need to become familiar with each other's resource repertoire to the point where the resources pooled-in by the bricoleurs become a shared repertoire. We would argue that Mahindra Reva strategized the development of the shared repertoire quite differently from the typical collaborative strategies of larger companies. While such companies encourage technology sharing in their outsourcing agreements, they tend to be very restrictive about their suppliers' engagement with other customers. By contrast, our informants reported that they did not mind suppliers servicing other companies using components codeveloped with Mahindra Reva. This approach helped suppliers to expand their client portfolios and to achieve economies of scale. With this success, the prices of components decreased. Further, suppliers became less rigid in their demands for big volume commitments from Mahindra Reva. Our analysis also highlights how geographical distance between bricolage partners has a significant bearing on the development of a shared repertoire. Development of shared repertoires calls for extensive social interaction and transfer of tacit knowledge. Despite recent progresses in information and communications technologies, which have significantly reduced the cost of information exchanges and enabled virtual meetings, video conferences, etc., tacit knowledge sharing generally requires a shared physical presence. Our case empirically demonstrates how the development of shared repertoires happens best in a closely-knit and co-located network of bricoleurs.
Second, this paper shows how multiple types of bricolage activities could relate to different stages of the innovation process in emerging markets (see Fig. 2 below) . Our findings indicate that the creative use of resources was predominant in the concept definition, prototype development, and testing stages, while component bricolage was prevalent in later stages such as design, production engineering, and full-scale manufacture. This strategy is probably explained by the fact that when Mahindra Reva started its work on EVs in the mid-1990s, there were very few suppliers of EV-specific components in the world. In India, no company had any experience with EV technology development. Thus, the concept definition and prototype development at Mahindra Reva involved a wide-ranging search for resources and extensive experimentation. On the other hand, design, production engineering, and full-scale manufacturing stages involved working mainly with common mechanical parts and design components. For these latter stages, numerous automotive suppliers were locally available and, thus, the company relied on off-the-shelf components developed originally for other vehicles. Collaborative bricolage played a significant role throughout in that strong relationships and collaborations with suppliers underpinned the entire product development process. For example, the adjustment and tweaking of off-the-shelf parts (i.e., component bricolage activities) required the support and production capabilities of suppliers.
Third, contrary to prior research which described the bricoleur and the engineer as opposing figures [14] , [24] , Mahindra Reva's experience indicate that bricolage and engineering can be complementary, rather than mutually exclusive activities (see Fig. 3  below) . On the one hand, bricolage allows the creative use of resources, thereby enabling resource-constrained innovation. On the other hand, engineering processes consolidate the legitimacy of the innovator (see [24] ) by preventing and correcting the imperfections of bricolage outcomes. At Mahindra Reva, bricolage was predominant in the concept definition, prototype development, and (in part) design stages. In these stages, the company sought workable alternatives and experimented extensively by mixing-and-matching components.
However, during production engineering and full-scale manufacture, there was little room for imperfections. Thus, in these stages, engineering methodologies were predominant. We would also argue that in some respects, bricolage and engineering complement each other throughout the product development process. For example, while the development of battery packs for EVs could be an instance of bricolage, it also involves extensive chemical engineering and simulation efforts. Similarly, production engineering could rigorously follow wellestablished engineering practices while relying on off-the-shelf components and extensive collaborative bricolage.
C. Managerial Implications
This paper complements prior research which has suggested that a good way for emerging market firms to catch up with their developed-country competitors in terms of their technological capabilities is to enter early into new technological systems (e.g., [27] ). The experience of Mahindra Reva shows that such ambitions are not outside the reach of emerging market firms despite the resource constraints and institutional voids they face. With creative resource recombinations and innovative collaborations emerging market managers can turn their firms' resource limitations into significant cost advantages at the global level. Strategies and business models "that are forged in low-income markets travel well" [39, p. 52] ; that is, they can be successfully redeployed in high(er)-income markets. Managers in emerging market companies may find some of the practices discussed in this paper useful and relevant to their plans of disrupting the global market with high-tech discontinuous innovations. The findings further suggest that nurturing a pragmatic mind set amongst the workforce, embracing flexibility in organizational design, and dismantling rigid organizational structures will increase enactments of competitive bricolage-led strategies. Developed country multinational enterprises (DMNEs), which consider entering emerging markets, can benefit from exploring and understanding the strategies of local competitors. Strategies and business models from the developed world may not always find success in emerging markets. The arguments of our paper can help DMNE managers to derive "contextual intelligence" [41] , which is often crucial for the development and deployment of successful business models in emerging markets. Given the global economic downturn, companies all over the world are experiencing in one form or another many of the challenges faced by companies in emerging markets. In this sense, only a few DMNEs may be able to afford very expensive R&D endeavors or find it is reasonable to do so. Breakthrough-seeking innovation strategies usually imply high prices for the resulting products, while many consumers are cutting-back on their expenditures and favoring lowpriced items (e.g., [1] , [40] ). Our case study provides some insights into how managers might employ bricolage as a cost and risk reducing strategy for innovation and new product development, particularly when working with discontinuous and disruptive technologies. Many DMNEs may be reluctant to accept bricolage-led approaches as a legitimate innovation strategy in its own right, especially if they have been successful innovators in the past. However, we would argue that unless they adjust and adapt their mental models to new contexts, they may find themselves facing stern competition from emerging market challengers, who are poised to develop high-tech, but affordable innovations for BOP-MOP consumers.
D. Limitations and Future Research
Our findings are based on a single case study. Obviously, there will be variations in the extent to which our findings are transferable to other contexts or industries, be it in emerging markets or developed countries. Some caution must be exercised in generalizing these findings, although we would suggest that bricolage strategies like the one presented here may work well for new, small companies in a range of nascent industries.
Glorifying bricolage was not the aim of this paper. It is worth noting that bricolage is not a bullet-proof strategy for sustainable competitive advantage. Rather it should only be viewed as a cost-effective strategy for developing discontinuous and disruptive technologies. It may not necessarily guarantee better sales and profits. In fact, despite developing perhaps the most affordable EVs in the world, it is worth noting that Mahindra Reva has not yet been very successful in penetrating the Indian automobile market. Competition from manufacturers of low-cost conventional cars in the Indian market (e.g., Tata, Maruti Suzuki, Hyundai, etc.), the absence of governmental subsidies for EVs from the main argument of this paper: a carefully planned and implemented bricolage strategy helped the company to produce a technologically sophisticated and innovative product. Recent reports in the business press suggest that the company is considering an elaborate internationalization strategy. It remains to be seen how well Mahindra Reva's EVs will perform in developed markets which arguably have more favorable conditions (for instance, availability of state subsidies for EVs).
It would be interesting to explore using larger datasets the contextual elements which support and hinder bricolage-led strategies for technology innovation. More empirical work is needed to examine how factors such as the characteristics of the innovating company (e.g., size, age, origin, etc.), the targeted market (e.g., low-income versus middle-income and high-income), the nature of the innovation (e.g., discontinuous and disruptive versus sustaining and incremental), and the stage in the technology life cycle impact a company's bricolage strategies. Another fruitful line of research is the impact of organizational and national cultures on a company's propensity to engage in bricolage.
VII. CONCLUDING REMARKS
This paper adds to the small, but growing body of the scholarly literature, which has examined strategies employed by emerging market companies in their technological innovation efforts. We drew on the notion of bricolage to capture and explain the technology and new product development approach at Mahindra Reva, the only EV producer in India. We demonstrated how a multi-level bricolage strategy helped the company to overcome resource-constraints and develop affordable EVs using minimal investments relative to developed-country competitors. We have shown how bricolage strategies could be particularly relevant in the case of discontinuous and disruptive innovations where the technology is in its infancy and the market is ill defined, leading companies to embark on an iterative market testing process involving the launch of various versions of the product. In this sense, the analytical scope of the notion of bricolage extends beyond resource-constrained emerging market companies and could help explain the delivery of affordable and innovative products more generally.
